Background: The study was designed to investigate the qualitative phytochemical constituents and evaluate the anti-inflammatory, anti-nociceptive and anti-diarrhoeal activities of methanol (MHAL) test. In addition, Xylene induced-ear edema test and Cotton pellet-induced granuloma formation test had been performed to evaluate the anti-inflammatory activity. Moreover, Formalin-induced paw licking test, Acetic acid-induced writhing tests and Castor oil induced antidiarrheal test had been performed to evaluate the antinociceptive and anti-diarrhoeal activities respectively. Results: These crude extracts were figured the presence of carbohydrates, flavonoids, tannins, glycosides, triterpenoids, fat and fixed oils. No mortality, behavioral changes or sign of any toxicity were observed up to the dose as high as 4000 mg/kg in mice. During anti-inflammatory test, MHAL 400 mg/kg and EAHAL 200 mg/kg & 400 mg/kg were significantly reduced ear weight differences and granuloma formation in mice. Highest percentage inhibition was offered by EAHAL 400 mg/kg dose (35.15 ± 11.78% and 34.76 ± 11.30%) in both anti-inflammatory tests respectively. In anti-nociceptive experiments, all extracts were significantly reduced paw licking and abdominal writhing of mice. Highest percentage inhibition was offered by EAHAL 400 mg/kg dose (88.21 ± 2.23% and 54.00 ± 2.38%) in both anti-nociceptive tests respectively. In addition, both extracts were showed significant inhibition of percentage of diarrhea in anti-diarrhoeal models except EAHAL 200 mg/kg dose and the apex percentage inhibition is offered by MHAL 400 mg/kg dose (67.73 ± 5.77%). Conclusion: These results confirm that the leaves extract of Hemigraphis alternata are nontoxic and may provide a source of plant compounds with anti-inflammatory, anti-nociceptive and anti-diarrhoeal activities.
Background
As a reliable source of remedies, thousands of medicinal plants are widely used as alternative medicines for the treatment or prevention of many life-threatening diseases [1] . Traditional, empirical and molecular approaches have been utilized to discover new medicines. The traditional approach provides drugs that have been found by trial and error over many years in different cultures and systems of medicine. Plant extracts contain various phytochemical components that identified as bioactive compounds and may be responsible for the diverse activities when herbs are used medicinally [2] .
The plant Hemigraphis alternata belongs to Acanthaceae family is a versatile tropical low creeping Perennial herb that reaches a height of 15 to 30 cm, which is the native of tropical Malaysia. It is also known as Purple Waffle plant, Aluminium plant, Cemetary plant, Metal leaf, Red flame Ivy, Java Ivy etc. [3] . This exotic plant was adapted to Bangladesh as well as India. The notable phytoconstituents that present in Hemigraphis alternata are carbohydrates, alkaloids, phenols, saponins, flavonoids, terpenoids, coumarins, carboxylic acid, xanthoproteins, tannins, proteins, steroids, chlorogenate, cinnamic acids, cinnamate and sterol [3] [4] [5] . This plant possesses various medicinal properties. The whole plant or leaves are used to treat the fresh wound, cuts, ulcers, inflammation and in folk medicines [6] . Traditionally the leaves are consumed to mend gallstone, excessive menstruation and as a contraceptive. It is used internally to cure anemia [3] gallstone, diuretic, haemorrhoids, and diabetes mellitus [7, 8] .
Inflammation is the fountainhead of any symptoms of diseases in the body. Pharmacologically, inflammation is a complex biological response of vascular tissues against aggressive agents such as pathogens, irritants or damaged cells. Understanding inflammation has always been a conundrum for mankind. It can be initiated by many different stimulating factors, including physical damage, precursor chemicals, microbial invasion and immune responses [9] . The standard signs of inflammation are manifested by increased blood flow, elevated cellular metabolism, vasodilation, the release of soluble mediators, extravasations of fluids and cellular influx [10] , excessive degeneration, exudation, necrosis, or the formation of abnormal granulation formation, that result in different degrees of injury to the body [11] . Due to the presence of the inflammatory agent, cell membranes induced the activation of phospholipase A 2 followed by the release of arachidonic acid and inflammatory mediators such as-cytokines, serotonin, histamine, prostaglandin and leukotrienes that increase vascular permeability, thus facilitating the migration of leukotrienes the site of inflammation [12] , and lead to a wide range of changes in pathology.
Nociception is an uncomfortable sensation that alerts the organism of a harmful situation to avoid major injuries.
It is a symptom of many diseases and it is calculated that about 80-100% of the population experience back pain at least once in the lifetime [1] . More than half of the patients suffering pain receive inadequate therapeutic management which severely affects their quality of life [13] .
Steroidal and nonsteroidal anti-inflammatory analgesics are used to manage pain and inflammation. Moreover, reducing the inflammatory response is an effective way of decreasing the pain process [14] . Though these agents are beneficial, various adverse effects are experienced in long-term use of steroidal and nonsteroidal anti-inflammatory agents (NSAIDs). Liver damage, gastric lesions, initiation of cardiovascular problems and renal failure, fluid retention, bronchospasm and prolongation of bleeding time are experienced in NSAIDs drugs [1, [15] [16] [17] . On the other hand, erectile dysfunction, hypertension, manic depression, cramps, and dizziness are triggered by steroids as well as suppress the immune system [18] . Moreover, the social abuse besides dependency, addiction, tolerance, constipation, and respiratory problems are elicited by opioid analgesics [19] .
Moreover, there is a growing interest in the search for alternative medicinal plants that, because of their chemical composition, have a better ability to mitigate these mediators of their multiple mechanisms to treat symptoms related to painful inflammatory process more effectively [14] .
In developing countries, diarrheal disease is a very common ailment and national problem in many tropical countries and the leading cause of mortality and morbidity, especially among children resulting in a major healthcare problem [20, 21] , accounts for more than 5-8 million deaths in newborn babies and children under 5 years of age, each year [22] . Medicinal plants play a key role in the development and advancement of modern studies on anti-diarrheal activities of substances. The search for more effective and safe agents from plant origin has continued to be a considerable area of active research. Hence, the World Health Organization encouraged studies for the treatment and prevention of diarrhoeal disease depending on traditional medical practice [23] .
According to the World health organization (WHO), about 80% of the total population of the world mainly depends on traditional medicine and the use of plant extracts is mainly involved in the traditional treatment [24] . Natural substances serve as the reliable sources of most drugs and medicinal agents. From the ancient period of time, many plants are used as folk medicines to treat infectious diseases such as diarrhea, urinary tract infections, bronchitis, cutaneous abscesses and parasitic diseases [25] . Medicinal herbs constitute the major component of the traditional medicine practiced worldwide due to the economic viability, accessibility and ancestral experience [20] . Thus the interest and urgency of ethnobotanical research are essentially demandable [26] . Moreover, in practically, natural products have advantages over synthetic drug design in that it provides lead compounds having new structural features with novel biological activity. One-half of the medicines we use today has been derived from natural sources. In point of fact every pharmacological category of drugs includes a natural product prototype.
For these reasons, the present study was figured to identify phytoconstituents and evaluate the anti-inflammatory, anti-nociceptive and anti-diarrhoeal activities of methanol (MHAL) and ethyl acetate (EAHAL) extract of Hemigraphis alternata leaves.
Materials and methods

Plant material
The fresh leaves of Hemigraphis alternata were collected from Godkhali [The heaven of flowers] (22.1678°N, 88.7881°E), Jashore, Khulna, Bangladesh, in March 2018. The plant was botanically identified and confirmed by National Herbarium, Bangladesh.
Extraction preparation
Cold extraction was performed separately using 250 mg and 300 mg powdered leaves of Hemigraphis alternate by using Methanol and ethyl acetate as solvent. First, the leaves of Hemigraphis alternata were thoroughly washed 3-4 times successively with running water and once with sterile distilled water to remove all dirt, soil, and contaminants and dried in shade at room temperature (25 ± 2°C) for two weeks and finally dried them for 24 h at 30 ± 2°C by using a laboratory dryer (memmert UN75, Germany) before to ground. The dried leaves were ground into coarse powder and passed through a 40-mesh size sieve to get fine powders. Powdered leaves (250 mg and 300 mg) were separately soaked in a sufficient amount of methanol (1800 mL) and ethyl acetate (2000 mL) in closed containers for 14 days at room temperature with periodical shaking and stirring. Separately, both mixtures were primarily filtered through fresh cotton and then through Whatman No.1 filters. Then extraction was completed by solvent evaporation with a rotary evaporator under reduced pressure at 40°C temperature and was yield semisolid crude extracts. The percentage yields of MHAL and EAHAL were 4.23% (w/ w) and 1.95% (w/w), respectively. The extracts were then preserved in a refrigerator till further use.
Phytochemical screening
The start of the new millennium has signaled the initiation of a new era of drug discovery. Bioactive compounds deposited in medicinal plants can serve as important raw materials for pharmaceutical manufacturing.
Freshly prepared semisolid crude extracts (MHAL and EAHAL) were subjected to different qualitative tests according to Rahman and Billmary et al. [27, 28] to find out the presence of prominent phytoconstituents like carbohydrates, alkaloids, saponins, tannins, phenols, flavonoids, triterpenoids, glycosides, and fat & fixed oils, through characteristic color changes.
Molisch's test for carbohydrates
For this test, around 500 mg of crude extract was dissolved in 5 mL of distilled water and later filtered. After that, a few drops of Molisch's reagent (α-naphthol 10% (w/v) in 90% ethanol) were added to the filtrate. Then 1 mL of concentrated H 2 SO 4 was poured carefully along the side of the test tube. Two minutes later, 5 mL of distilled water was added. A positive test, indicating the presence of carbohydrates, was confirmed with formation of dull violet or red color at the interphase of the two layers.
Fehling's test for reducing sugars
In Fehling test, 2 mg plant extract was dissolved in 1 mL of distilled water and filtered. After that, 1 mL mixture of Fehling's solutions A and B (a ratio of 1:1) was added to the filtrate, which was heated in a water bath for a few minutes. Formation of brick-red precipitate confirmed the presence of reducing sugars.
Mayer's test for alkaloids
One or two drops of 0.35 mol/L Mayer's reagent (potassium-mercuric iodide solution, 1.36 g mercuric chloride and 5 g of potassium iodide, dissolved in 100 mL distilled H 2 O) was added to 2 mL (50 mg extract dissolved in 5 mL of 1% aqueous HCl) filtrate along the side of the test tube. A positive test, demonstrating the presence of alkaloids, was indicated by a white creamy precipitate.
Frothing test for Saponins
In frothing test, 100 mg plant extract was dissolved in 10 mL of methanol for making stock solutions. These stock solutions were diluted to 0.5 mg/mL by the additions of 20 mL of distilled water. Test tube containing the dilution was then shaken for 15 min. Formation of foam on the top of the test tubes indicated the presence of saponins.
FeCl 3 test for tannins
50 mg crude extract was dissolved in 5 mL distilled water, followed by the addition of a few drops of 5% FeCl 3 . Tannin was confirmed by the development of a bluish-black color.
Alkali test for flavonoids
In alkali test, a few drops of 5% NaOH solution were added to 1 mL of filtered stock solution (100 mg of extract dissolved in 10 mL of methanol), which produced a deep-yellow color. The color was lost in the presence of dilute HCl and confirmed flavonoids.
Salkowski's test for triterpenoids
2 mg crude extract was shaken in 1 mL of CHCl 3 . Then, a few drops of concentrated H 2 SO 4 were added to the solution along the side of the test tube. Development of a red-brown color at the interface indicated the presence of triterpenoids.
Keller-killiani test for glycosides 1 ml of extract, 1 ml of Glacial acetic acid and few drops of 2% FeCl 3 were added and then 1 ml of conc. H 2 SO 4 is also added in the mixture. Appearance of Brown ring shows presence of glycosides.
CuSO 4 test for fat and fixed oils 5 droops of extract solution (0. 25 g extract dissolved in 25 mL mother solvent) mixed with 1 mL of 1% CuSO 4 and then few drops of 10% NaOH was added. Appearance of clean blue solution shows presence of fat and fixed oils.
Experimental animals
4-5 weeks aged one hundred and ninety male Swiss albino mice of body weight 20-30 g. (procured from Department of Pharmacy, Jahangirnagar University, Savar, Dhaka, Bangladesh) were used to run the anti-inflammatory, antinociceptive and antidiarrhoeal experiments. Before initiating the experiments, the animals were kept under standard environmental conditions, maintained 55%-65% relative humidity and exposed to alternative 12:12 h light and dark cycle at an ambient temperature of 26 ± 2°C. Proper supply of foods and water ad libitum were ensured. Institutional Animal Ethical Committee of Jessore University of Science & Technology, Jessore, Bangladesh was approved all protocols for the animal experimentation. Before the experiment, mice were accustomed for 10 days in our laboratory environment and ensured the constant environmental and adequate nutritional conditions throughout the period of the experiment.
Acute toxicity study
Adverse effects occurring from a single exposure or from multiple exposures over a short period of time (normally less than 24 h) are regarded as acute toxicity [29] . Moreover, the acute toxicity study was performed according to the Organization of Economic Cooperation and Development (OECD) guidelines [30] for evaluating the half lethal dose (LD 50 ) of the experimental samples. Total fifteen mice were divided into three groups: control group (normal water) and test groups (MHAL and EAHAL) containing five mice in each group. Oral administration of the test samples (MHAL and EAHAL) at different concentrations (100, 250, 500, 1000, 2000, 3000 and 4000 mg/kg body weight) were given to the test animals. After that the animals were noticed every 1 h for next 5-6 h for mortality, behavioral pattern changes such as weakness, aggressiveness, food or water refusal, diarrhea, salivation, convulsion, coma, injury, pain, discharge from eyes and ears, noisy breathing, changes in locomotor activity, or any signs of toxicity in each group of mice. In addition, at the end of a 2-week observation period, a final assessment of acute toxicity of each group of mice was also carried out [30] .
Drugs and chemicals
Diclofenac sodium (DS) and Loperamide HCl were purchased from Square Pharmaceuticals Ltd. and ACME Laboratories Ltd., Bangladesh, respectively. All solvents and reagents used were of analytical grade and solvents obtained from Merck, Germany.
Anti-inflammatory activity Xylene-induced ear edema test
The model of Dai and Liu was followed to evaluate xylene-induced ear edema test in mice [31] . Consisting of five mice in each group, thirty mice were randomly divided into control group (distilled water, 10 mL/kg body weight), positive control or standard group (Diclofenac sodium (DS), 100 mg/kg body weight), and test groups (MHAL and EAHAL at 200 and 400 mg/kg body weight). All mice had been fasted for 16 h with water ad libitum. Moreover, mice in the control group, positive control group, and test groups were treated with distilled water at a dose of 10 mL/kg, Diclofenac sodium at a dose of 100 mg/kg, as well as MHAL and EAHAL at doses of 200 and 400 mg/kg body weight respectively, orally. One hour after oral administration, 20µL of xylene was given to each mouse on the anterior and posterior surfaces of the right ear lobe, resulting induction of ear edema. Here, the untreated left ear was regarded as control. After 1 h of xylene application, mice were sacrificed by cutting off both ears with the utilization of 5 mm circular sections of the ears, then seized, and finally weighed. The weight of xylene-induced edema was calculated from the difference between the weight of ear treated with xylene (right ear) and the weight of ear left untreated (left ear).
The percentage inhibition of ear edema was calculated by the following formula.
Inhibition (%) = [1-{Weight of edema (extract or standard drug)/ Weight of edema (normal control)}] X 100.
Cotton pellet-induced granuloma formation
To evaluate the cotton pellet induced granuloma formation in mice, the method of Swingle and Shideman [32] was used with slight modification. Under light chloroform anesthesia and sterile technique, sterilized cotton pellets, weighing (10 ± 1) mg of each pellet, were inserted subcutaneously, one on each side of the abdomen of the animal. Thirty mice were grouped and treated orally as mentioned before, once a day for 7 days.
After continuous treatment, all mice were sacrificed on the 8th day. Granuloma wetted cotton pellets were removed and dried at 60°C for 24 h with a laboratory dryer. Then the dry cotton weight was recorded. The weight of granuloma formation was measured by the weight difference between the removed, dried cotton pellets, and the cotton pellets before insertion.
The percentage inhibition of granuloma formation was calculated by the following formula.
Inhibition (%) = [1-{Weight of granuloma (extract or standard drug)/ Weight of granuloma (normal control)}] X 100.
Anti-nociceptive study Formalin-induced paw licking
To evaluate the analgesic activity of plant extracts, a slightly modified method of Hunskaar and Hole [33] was applied in formalin-induced paw licking test in mice. Containing five mice in each group, thirty healthy Swiss albino mice were divided into control group (distilled water, 10 mL/kg body weight), positive control or standard group (Diclofenac sodium (DS), 100 mg/kg body weight), and test groups (MHAL and EAHAL at 200 and 400 mg/kg body weight).Mice were fasted for 16 h with water ad libitum prior to the experiment. Moreover, mice in the control group, positive control group, and test groups were treated with distilled water at a dose of 10 mL/kg, Diclofenac sodium at a dose of 100 mg/kg, as well as MHAL and EAHAL at doses of 200 and 400 mg/ kg body weight respectively, orally. Each mouse was injected with 20휇L of 2.7% (v/v) formalin solution into the dorsal surface of the left hind paw, 1 h after the respective treatment of each group. The time spent in licking, biting, and shaking behaviors was measured in seconds for 5 min after formalin injection, which was considered as the acute phase (0-5 min). Again, mice were monitored for 5 min after 20 min of injection which was defined as late phase (20-25 min) .
The percentage of inhibition of licking was calculated by the following formula.
Inhibition (%) = [1− (Licking time (standard or extracts) / Licking time (normal control))] × 100.
Acetic acid-induced writhing test
Analgesic activity was evaluated by the test of abdominal writhing induced by acetic acid in mice. This study was performed according to the method of Koster et al. [34] . Mice were fasted for 16 h with water ad libitum prior to the experiment. Mice were grouped and treated with extracts (MHAL and EAHAL) as mentioned before. Diclofenac sodium (100 mg/kg body weight) was used as the standard or positive control and distilled water (10 mL/ kg body weight) as normal control. After forty-five minutes of respective treatment, each mouse was injected intraperitoneally with 0.7% (v/v) acetic acid at a dose of 10 mL/kg body weight. The writhing activity comprised of constriction of the abdominal muscles together with a stretching of the hind limbs. The number of writhing responses of each mouse was counted for a 5-min period, which began fifteen minutes late of acetic acid administration.
To calculate the percentage of inhibition of writhing, the following formula was used.
Inhibition (%) = [1− {No. of writhing (standard or extracts) / No. of writhing (normal control)}] × 100.
Antidiarrhoeal activity Castor oil induced antidiarrhoeal test
A slightly modified method of Shoba and Thomas [35] was applied in castor oil induced antidiarrheal test in mice. It is one of the most acceptable methods to evaluate the antidiarrhoeal activity. By administering 0 .5mL of castor oil orally the preliminary screening of animals was performed, and those animals that started diarrhea were selected finally for the test. Thirty diarrheal screened mice were randomly divided into control group (distilled water, 10 mL/kg body weight), positive control or standard group (Loperamide HCl, 3 mg/kg body weight), and test groups (MHAL and EAHAL at 200 and 400 mg/kg body weight), containing five mice in each group. Screened experimental animals were fasted for around 16 h with water ad libitum. Then mice in the control group, standard group, and test groups were treated with distilled water at a dose of 10 mL/kg, Loperamide HCl at a dose of 3 mg/kg, as well as MHAL and EAHAL at doses of 200 and 400 mg/kg body weight respectively, orally. After 30 min of respective treatment, each animal received 0 .5mL of castor oil orally for initiating diarrhea. Observation for defecation continued up to 4 h on blotting paper lined individual cage was used for placing every animal. Blotting papers were replaced every hour. The number of diarrheal feces was count and recorded for a period of 4 h.
The percentage of inhibition of defecation was calculated for every group of animals by the following formula.
Inhibition (%) = [1-{Number of feces (extract or standard drug) / Number of feces (normal control)}] X 100.
Statistical analysis
All results were expressed as mean ± SEM (Standard Error of Mean). All data for statistical analyses of antiinflammatory, antinociceptive and antidiarrheal studies were analyzed by one-way ANOVA following Dunnett's test through the SPSS software (version 16; IBM Corporation, New York, USA). The obtained results were compared with the vehicle control group. The significance is presented at the level of P < 0.05.
Results
Phytochemical screening
It is important to delineate the chemical behavior of plant materials and also conducted in order to ascertain the liable phytoconstituents that offered biological activity. Phytochemical screening of the MHAL and EAHAL were showed the presence of several primary and secondary metabolites, or phytoconstituents, which are summarized in Table 1 . In the phytochemical screening, MHAL and EAHAL were shown to have different compositions. EAHLA was showed the presence of saponins but it was not found in MHAL. On the other hand, flavonoids were present in MHAL but not in EAHAL. In addition, carbohydrate content in both extracts was indicated by Molisch's test, but not by Fehling's test.
Acute toxicity
In acute toxicity study behavioral changes or mortality or sign of toxicity were not observed during the 14-day observation period in mice receiving doses up to the high dose of 4000 mg/kg for MHAL as well as EAHAL or control group. No change was found in food intake or other behaviors during this observation period and was the same as prior to the experiment. So, this observation seemingly confirmed that the test groups did not experience acute oral toxicity at the given doses.
Anti-inflammatory effect Xylene-induced ear edema test
In this study, the results of MHAL and EAHAL on xylene-induced ear edema in Swiss albino mice are documented in Table 2 . The percentage of ear edema in mice was significantly reduced by administration of plant extracts and positive control. These findings proposed that both positive control (DS 100 mg/kg) and extracts (MHAL and EAHAL) at both doses 200 and 400 mg/kg had significant (compared to control, P < 0.05) inhibitory effect on the inflammation of ear edema in mice. The percentage inhibition of methanol and ethyl acetate extract of Hemigraphis alternata leaves at both doses was 20.12 ± 7.81, 34.10 ± 8.10, 32.68 ± 4.90 and 35.15 ± 11.78% respectively in xylene induced edema test, and follows dose-dependent attitude. However, EAHAL 400 mg/kg was found to be more effective (35.15 ± 11.78%) as an anti-inflammatory agent. Results are illustrated in Fig. 1 .
Cotton pellet-induced granuloma formation
The effects of cotton pellet-induced granuloma formation of HMAL and EAHAL in mice are shown in Table 3 . In this study, the methanol and ethyl acetate extracts were inhibited the granuloma formation by 19.17 ± 14.08, 32.43 ± 10.65, 25.43 ± 10.96 and 34.76 ± 11.30% at the concentration of 200 mg/kg and 400 mg/kg respectively. All of the groups were showed significant percentage inhibition of granuloma formation and granuloma weight in mice (compared to control, P < 0.05). Among all the extracts, EAHAL at the dose of 400 mg/kg was showed the highest percentage inhibition (34.76 ± 11.30%) of granuloma formation in mice, where positive control (DS 100 mg/kg) was showed the apex percent inhibition 63.95 ± 3.38%. The obtained results are illustrated in Fig. 2 .
Anti-nociceptive effect Formalin induced-paw licking
The results of the anti-nociceptive activity of MHAL and EAHAL were measured by formalin induced-paw licking test that are displayed in Table 4 . Formalin induced-paw licking is the biphasic pain response system. In the delayed Extracts were also showed significant inhibition (P < 0.05, compared to control) in the acute phase. All effects were dose-dependent in manner, and formalin induced-paw licking results are illustrated in Fig. 3 .
Acetic acid-induced writhing test
The effects of methanol and ethyl acetate extract of Hemigraphis alternata leaves on acetic acid-induced writhing in mice are shown in Table 5 . Here, Diclofenac sodium was administered as the positive control and the inhibition of the acetic acid-induced writhing was observed as 74. Figure 4 illustrated all results obtained from the acetic acid-induced writhing test.
Antidiarrhoeal effect Castor oil-induced antidiarrhoeal test
The results of antidiarrhoeal activity yield in castor oil-induced diarrhoeal model are enumerated in Table 6 . Both extracts (MHAL and EAHAL) at the doses of 200 mg/kg and 400 mg/kg significantly (P < 0.05, versus control) prolonged the time for induction of diarrhea and also decreased the frequency of defecation as well as the total number of wet feces in dose-dependent manner. Among the extracts (MHAL and EAHAL) Hemigraphis alternata leaves, the 400 mg/kg MHAL dose were showed the most promising effect (P < 0.01, versus control and 67.73 ± 5.77% inhibition) against castor oil induced diarrhea in mice. In this study, percent inhibitions by both extracts at both doses were 44.05 ± 8.55, 67.73 ± 5.77, 29.79 ± 7.62and 51.19 ± 7.81% respectively where Loperamide HCl exhibits 74.31 ± 8.72% inhibition. In Fig. 5 results are illustrated. 
Discussion
In the ambivalent environment, plants may face biotic (injured by bacteria, fungi, virus, insects etc.) and abiotic (harmed by salinity, drought, sunlight, wind, deficiency of nutrients etc.) stress [36] . In this situation, they synthesize phytochemicals which have health influencing effect [37] . Generally, phytochemical components are identified as bioactive compounds of plant extracts and may be responsible for the diverse activities when herbs are used medicinally [2] . In the phytochemical analysis of Hemigraphis alternata leaves the presence of carbohydrates, tannins, flavonoids, glycosides, and triterpenoids were revealed which initiates drug discovery and development. Since the beginning of human being development, many people used medicinal plants traditionally as a remedial purpose [38] . In case of investigation of therapeutic index of drugs and xenobiotics, the acute oral toxicity study is a vital factor [39] . Scientifically rigorous toxicity studies have been conducted on very few plant-derived products, although a suitable range of doses of the materials for successive usage can be obtained by these studies [40] . As no mortality was observed up to the dose as high as 4000 mg/kg in experimental condition, LD 50 of Hemigraphis alternata leaves extract could not be obtained. The extract was found to be safe with a broad therapeutic range and two comparatively high doses (200 mg/kg and 400 mg/kg) for both MHAL and EAHAL were used for in-vivo doses.
We evaluated the anti-inflammatory activity of methanol and ethyl acetate extract of Hemigraphis alternata leaves by two established experimental methods. One is xylene-induced ear edema and another is cotton pellet-induced granuloma model. The presence of edema is one of the prime signs of inflammation [41] accompanied with intense vasodilation, edematous changes of skin and infiltration of inflammatory cells are noticed as remarkable signs of acute inflammation in xylene-induced ear edema test [42] . In this experiment, xylene-induced ear edema is associated by innate immunity response of the skin, a cytotoxicity reaction of activated T cells and then migration of PMN leucocytes which augment swelling and heaviness of the ear [43] . In case, ear edema is induced on account of released responsible inflammatory mediators such as bradykinin, histamine, and serotonin, as a result, vascular Fig. 2 Effect of Hemigraphis alternata methanolic and ethyl acetate extract treatment on dry granuloma weight after subcutaneous cotton pellet implantation. Difference between initial weight (10 ± 1 mg) and weight after overnight drying was considered to be the dry weight of the granuloma tissue. Each bar represents the mean ± standard error of the mean of five animals permeability and vasodilation are stimulated [44] . Results that showed the anti-inflammatory effects of all extracts (200 & 400 mg/kg body weight) of MHAL and EAHAL in this model may be due to the suppression of phospholipase A2 which is associated in the pathophysiology of inflammation initiated by xylene. Moreover, wide ranges of phytoconstituents were responsible for anti-inflammatory activity includes alkaloids, glycosides, tannins, phenol, and triterpenoids etc. which are possessed in both extracts. Cotton pellet-induced granuloma test is a widely used complex and well known durable process to assess the transudative, exudative and proliferative components of chronic inflammation [45] . It is used as an in vivo chronic inflammatory activity in the chronic phase of inflammation, which is characterized by monocyte infiltration, fibroblast proliferation, neutrophil infiltration, angiogenesis, and exudation [46] . The fluid greatly influences the wet weight of the granuloma absorbed by the pellet and the dry weight of the cotton pellet correlates well with the amount of granulomatous tissue formed [45] . In this study the MHAL and EAHAL significantly decreased the dry weight of the granuloma compared to control due to the ability of Hemigraphis alternata in reducing the number of fibroblasts, preventing angiogenesis and synthesis of collagen and mucopolysaccharide. Plant extract of MHAL and EAHAL probably suppress the T helper 1 (Th-1) T-lymphocyte pathway, which releases inflammatory cytokines such as interleukin-12 and interferon-α and controls cell-mediated immunity, may also be responsible for this anti-inflammatory action [47] . Statistical evaluation of the data confirmed that both doses of both extracts showed extremely significant anti-inflammatory activity with remarkable percent inhibition.
As an extensively reliable method, the formalin-induced paw licking model is widely used for investigating nociception as well as the possible mechanism of analgesia. The formalin-induced licking test constitutes two distinct mechanisms. The initial neurogenic pain (early [33] . The early phase exhibits the direct results of chemically stimulation of peripherally localized TRPA-1 containing nociceptors and a consequent C-fibre activation and can be mainly suppressed by centrally acting analgesics. The late phase seems to be dependent on the combination of an inflammatory pain which arises from the spinal neuro-hyperactivity reaction in the peripheral tissue and function changes in the dorsal horn of the spinal cord, which seems to be initiated by C-fibre barrage [48, 49] . Centrally acting drugs show the gracious response in both phases (acute and delayed phase) whereas peripherally acting drugs act only in the late phase [50] . In this study, both doses (200 and 400 mg/kg) of MHAL and EAHAL were worked on both acute and late phase and showed antinociceptive activity by inhibiting inflammatory mediators. Peripheral analgesic activity can also be evaluated by acetic acid induced writhing method. The broadly acetic acid-induced writhing test is being primarily used for the appraisement of antinociceptive activity of natural composites. In writhing response experiments, the analgesic mechanism has been characterized as the release of different endogenous noxious mediators such as bradykinin, serotonin, histamine, and substance P [21, 51] . The intraperitoneally injection of acetic acid produced nociception in the form of contraction of the abdominal muscle accompanied by an extension of the forelimbs and body elongation [52] . In order to interpret possible mechanism of acetic acid-induced writhing in mice; as different mechanism may be smeared in the release of biogenic amines, reduction of muscular constriction for instance, cyclooxygenases and their metabolites inhibition and through opioids receptors mechanisms [53] . In this study, MHAL and EAHAL at both doses of 200 and 400 mg/kg were showed significant inhibition of acetic acid-induced writhing and this might occur due to the inhibition of endogenous mediators or blockage of prostaglandin pathways. Further study is necessary to make final conclusion.
Castor oil-induced diarrhoeal model is well figured to evaluate the antidiarrhoeal activity of plant extract in experimental animals. The effluence of ricinoleic acid, the main active ingredient of castor oil results in irritation and inflammation of the intestinal mucosa, responsible for the release of prostaglandins, which stimulates motility and secretion [54] . In addition, it is also reported to reduce active Na + and K+ absorption and decrease Na+, K+ ATPase activity in the small intestine and colon [55] . Above results enhance the peristaltic activity and produce permeability changes in the intestinal mucosal membrane to electrolytes and water markedly reduced the intestinal transit in mice [56, 57] . Extracts of MHAL and EAHAL at a dose of 200 mg/kg and 400 mg/kg may exhibit the antidiarrhoeal activity due to the inhibition of electrolyte permeability of the intestine and prostaglandin release. It might be assumed that the antidiarrheal action of plant extract was exerted by the antisecretory mechanism. Therefore, considering the potential bioactivity, the plant materials can be further studied extensively to find out their unexplored efficacy and to rationalize their uses as traditional medicines.
Conclusions
Existing results of this study confirmed that the methanol and ethyl acetate extracts of Hemigraphis alternate leaves were showed significant anti-inflammatory, antinociceptive, and antidiarrhoeal activities that support this plant for the treatment of traditional medicine. Of which the anti-inflammatory and analgesic activity of crude extracts were highly significant. We hope that the further detailed investigation is underway to determine the exact bioactive phytoconstituents that are responsible for those activities of this plant as traditional medicine and acclaimed effectiveness in treating several painful, inflammatory, and diarrhoeal conditions especially tissue injuries. Moreover, it could be a potential source for novel 'lead' discovery for anti-inflammatory, antinociceptive and antidiarrhoeal drug development. 
